Introduction
Building and engineering organisms: the cellular interface From a cytological and embryological point of view the germ is a single cell built upon the same plan as other cells. That a single cell can carry the total heritage of the complex adult that it can in the course of a few days or weeks give rise to a mollusc or a man, is one of the great marvels of Nature…the specific formative energy of the germ is not impressed upon it from without, but is somehow determined by an internal organization inherent in the egg and handed on intact from one generation to another by cell division. Precisely what this organization is we do not know EB Wilson (1937) The cell in development and heredity.
Developmental biology aims to understand how a single cell becomes many that are different from each other and how, in the course of time, these many organize themselves in space to generate structures of defined sizes and shape: animals and plants. Cells in their different compositions, architectures and functions are the building blocks of organisms and therefore any attempt to describe and understand the generation of biological form has to focus at the cellular level. And yet, although this was very clearly understood in the first descriptions of developing organisms, it has taken more than one hundred years to be in a position to begin the task of unravelling how cells make organisms. The reason for this apparent paradox lies in the changing concept of the cell throughout the last century. In particular the realization that cells are not simply the bricks and mortars for an organism but also its engineer in chief.
Towards the end of the 19th century it was accepted that the description of the development of organisms had to take place at the cellular level. To draw, label and colour the sequence of events whereby one cell becomes many different cells is an important prerequisite for understanding the process. However, although it represents an advance over earlier coarser descriptions at an acellular level, it does not reach to the heart of the mechanism, its nuts and bolts. A cellular description also posed new questions. In many organisms, early in development cells divide following stereotyped patterns, generating intricate and reproducible geometries, which appeared as the basis to define particular cells and allocate them to particular places in the embryo. What governed these architectures and decisions? The missing link, the reason for the insufficiency of this descriptive approach, was revealed in the experiments of Driesch (1892) and later of Spemann and Mangold (1924) , who showed that cells are not simple bricks and mortar but rather computing devices that integrate information. In fact, Driesch worked out the properties of such devices but thought them highly unlikely (Driesch, 1907) .
If cells are bricks, they are 'intelligent bricks' which, as they build, keep time, compute dimensions and shapes and adapt to the environment as they lay down and develop an unfolding blueprint. This was clearly revealed to Driesch in his famous experiments with sea urchin embryos in which one cell would contribute to or generate an organism depending on whether it is part or the whole of the organism (Driesch, 1892) . At the two cell stage, if left undisturbed, each of the blastomeres will contribute to the same embryo. However if separated each will generate a whole embryo. Later Spemann and Mangold found that some cells had the ability to tell other cells what to do (Spemann and Mangold, 1924) , these groups of cells were called 'organizers'. Together, these experiments revealed that development and morphogenesis rely on dialogues between cells and contained the notion of development as information processing. Interesting and to a large degree revolutionary as these observations were they also posed questions impenetrable at the time, in particular: what was the nature and organization of the information processing machinery?. Wilson, however, takes good note of this in his book 'The cell in development and heredity' and devotes the last two chapters of the final edition in 1937 to the relationship between cells and development.
In the 1980s and 1990s the cooperation between genetics and molecular biology as applied to invertebrate systems, in particular Drosophila melanogaster and Caenorhabditis elegans, culminating with the sequencing of their genomes (Ruvkun and Hobert, 1998; Rubin et al., 2000) released a deluge of information about the elements that drive the development of organisms. The elementary molecules that determine where is the head and where the tail, that decide where to place a finger and what kind of finger this is, were shown to be transcription factors, signalling molecules, receptors associated with signal transduction pathways. Moreover these elements were quickly shown to be conserved across species (International Human Genome Sequencing Consortium, 2001; Venter et al., 2001 ).
The conservation of a body plan is underpinned by a conservation at the level of the molecules that lay down and interpret that plan. A universal core of signalling pathways that are used iteratively in development was identified and programmes for particular cells and tissues can now be written (Davidson et al., 2003) . All this goes a long way towards explaining how an organism emerges and addresses the first part of Wilson's statement, i.e. how "a single cell can carry the total heritage of the complex adult that it can in the course of a few days or weeks give rise to a mollusc or a man". However, the mystery has a second level that goes beyond the programmes and which Wilson poses with great prescience when he writes that "the specific formative energy of the germ is (…) somehow determined by an internal organization inherent in the egg and handed on intact from one generation to another by cell division" to conclude "precisely what this organization is we do not know". Understanding development and pattern formation requires the solution to this problem and its link with the ongoing efforts to define the rules of cell fate assignation.
In recent years genetic analysis of the questions posed in Wilson's musings has brought development back to the cellular realm, but this time with a molecular flavour. Thus we can begin to unravel the information and the machinery that drives the generation of shape in the form of the generation of cellular asymmetries and how these are passed on from one generation to another, how cells orient within epithelia, or how they interact in polarized manners. Cells in the context of development pose new questions and in doing so transform the frameworks that had been laid down by classical cell biology. Adhesion or polarity are not seen as rigid variables of a cell in culture but as plastic elements of a repertoire of tricks which, under local and global regulations, shapes cellular ensembles. Proteins are components of dynamic complexes the biggest of which is a cell and, within this cellular context, these complexes acquire properties that are due to their relative spatial organization.
Cell biology is undergoing a renaissance and developmental biology is becoming the richer for that. In this volume we have put together a collection of articles that attempt to bring the cellular viewpoint in development into perspective. It is by no means complete but we hope that it is representative and that it provides a flavour for what is to come. Thus, we hope that this volume reflects the entry of developmental biology into the postmolecular era with the cell at the center. The nucleus is not any more a simple bag in which chromosomes swim carrying information and waiting for the RNA polymerases to jump onto genes to be transcribed. Instead (see Wallace) it begins to emerge as an interestingly structured place in which things happen according to location. The cell is highly organized in space as most clearly displayed in epithelia (Muller and Bossinger; and Eaton). This organization is utilized to control the spatial and temporal aspects of cell signalling that pattern tissues and organisms (Gonzalez Gaitan). It is interesting that many of the features prevalent in animal cells can be seen to be the same with slight variations in plants (Jurgens).
A central feature of developing systems is the growth and division of cells. Global and local controls of these variables are key to the regulation of size and shape. Although we are far from an understanding of these issues we are gaining some insights into how growth and division are linked. This is a beginning to the understanding of the generation of balanced and proportioned patterns (Neufeld). In some crucial cases, divisions are linked to the segregation of different cell types and their potential. This type of 'asymmetric cell division' has grabbed a great deal of attention in the last few years and has provided a number of important issues on the basic mechanisms that organize cells in space (Wodarz and Huettner). In other instances, cells divide to generate many cells that only later become different. This is the case in the nervous system. When the number of cells involved is very large, death becomes an important regulatory mechanism which is tightly linked to the proliferative process (Hidalgo and Ffrench-Constant).
Cells seldom work or take decisions alone and the construction of an organism requires the generation and coordination of cellular variables as adhesion, movement, division, death. Morphogenesis is a general term, which encompasses the generation of form by cells. A few years ago G. Edelman tried to coin the term Topobiology (Edelman, 1988) for the sum total of these processes in an attempt to generate a much more mechanistic meaning to this notion. During morphogenesis control of the interactions of the cell with its environment (Werb) as well as of its cytoskeleton (Jacinto and Baum) are important elements of the final product. When these activities are coordinated in space they allow cells to change shape, as in epithelialmesenchymal transitions (Keller)) or during directed actin dynamics (Lawrence and Morel). And these activities are not just used by animal cells but also by those of plants thus highlighting their universality.
Many of the insights that are transforming the way we perceive cells are being driven by changes in the technology and, in particular, in the ways we see cells. Developmental processes are dynamic by nature and computer assisted confocal microscopy is providing the perfect instrument to explore this aspect of the life of a cell. The progress in this area of technology is fast and important (Megan and Fraser) and given what we are able to see these days, it is important to remember that we are just beginning to think about these problems, In the next few years technological developments are going to bring dramatic changes in the ways we see and think about cells in embryos
In the end it is clear that a revolution is taking place (Dawes-Hoang and Wieschaus, 2001; Kaltschmidt and Martinez Arias, 2002) . The emerging interactions between cell biology and genetics in higher eukaryotes are going to transform the way we perceive the cell and its role in constructing organisms. E.B, Wilson felt that the cell was at the heart of both, development and evolution. And he was right. He perceived that an understanding of development had to pass through an understanding of the cell and that for this reason the forces that drive evolution also lie within the confines of the cell. In the same manner that the structure of a crystal is born out from the organization of its component molecules and ultimately in the structure of their atoms, the structure of the organisms have their foundation in that of their component cells. Evolution has endowed cells with the ability to process and generate information and it is this property that we are beginning to understand. Cells are bricks but, as we have said above 'intelligent bricks'.
Nowhere is this link between cell and developmental biology more explicitly made than in the experiments first performed by Driesch. In the two cell stage embryo, a cell will contribute to an organism as long as it is in contact with the other cell. If it is not, it will give rise to the whole organism, this experiment in many ways sets up the agenda for developmental biology in the 20th century. Implicit in its outcome are two principles. One, that the unfolding of the programme that generates an organism relies on the individual organization of a cell with regard to other cells. This organization is the essence and the basis for the information processing capacity of the cell and second, that whatever this organization is, it has a high degree of regulative potential.
Some observations about the behaviour of stem cells provide a modern version of this problem. Stem cells are mostly viewed as sources of developmental potential i.e. as a reservoir for different kinds of cells with enormous therapeutic value. However, if their organism building activity is put to a test they are not so versatile. Under appropriate culture conditions stem cells will produce embryoids i.e. clusters of cells with representatives of many if not most cell types of an organism (Rathjen and Rathjen, 2001 ) but they will not organize these cell types in space in the manner that we call an organism. However, if the same cells are placed within an untouched early embryo, they will and do contribute to the organism that will develop. This observation indicates that much as Driesch had suggested, there is information in the organism as a whole, which is only provided by the organism itself. The breakup of that whole leads to an apparently irreversible loss of the information which allows the construction of a worm, a fly, a mouse or a human being. As we have shown above Wilson was aware that the answer to questions of this kind will lie in the dynamic structure of the cell but he made clear that 'what this organization is we do not know'.
It seems to us that we stand a pretty good chance of learning a fair amount about it in the years to come.
